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I. INIBODUCTION

This thesis was motivated by a seminar presented to the
Operations Research Curriculum of the Naval Postgraduate
School in August of 1983. The rapresantative of the Joint
Service Small Aras Prcgram (JSSAP) .of the A-mament Research
and Dcvalop-eni Center expressed a nead for showing small~-
arms as a force aultiplier in a combined arms scenario of
modern coabat. The perception was that small aras were not
represented in theater-level models used in defense studiss.

It is tle hypothesis of +this thesis that small-aras are
a main tcol for controlling combat. A lack of understanding
cn the correct use and the effects of small-arms is every
kit as detrimental c¢n today's modern battlefield as it was
in past wvars, perhaps even more so with the devistating
consequances avaiting one who sakes mistakes when his adver-
sary has the advanced weapons systems of today.

With an increas<¢d use c¢f wmodern computers to simulate
combat fcr defense studies, it is imperative that one under-
stand all of the complexities of the ccabat he is trying to
simulate. Defense acquisition is relying more and more on
computer aids for wveapons procureaent. One had better be
avare of any assuaptions or drawbacks of a computer aided
decision kefore saking a decision on where <to put emphasis

E in wvhat veapons are neeeded.

K The 4initial intert of this thesis was to provide a

;; concrete analysis on the value of small-arms as a force

;; sultiplier represented in aggregatad-force models.

% (Small-azms, as used in this thesis, is a general term used

t: to denote veapons c¢f a pistol, rifle, or machine gqun

. nature.) There are two interelated probleas in determining

& the <relative wvorth of small-aras in a coabined-arms
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scenario: 1) vhat is the contribution of small-arms to
modern ccabat (and hcw does one go about quantifying i%)?
.and 2) in light of (1), how does one go about representing
the effects of small-aras in combat aodels in general and
large-scale aggregated-force models in particular?

Weaprcns, veapon systeas, tactics, and var itself have
undergone continual evolution since the dawn of time. The
apalysis cn the use of weapons in combat took a dramatic
change in the early 1960's with the introduction of the
scientific sethod to evaluate defense policy and planning.

With veapon systems beccaing increasingly complex and
budgetary ccnsiderations taking a froat row seat, Secretary
cf Defense McNamara instituted the "Modern Design for
Peferse Lecision." His remarks indicated a need to evaluate
the overall goal and capability of the whole defense postura
cf the United States and then break this down into the
individual contributions of different units and weapox
systess with a keen eye on effectiveness per dollar.
(Ref. 1: p.32)

This basis has rrompted a large number of models to be
the fcundation for guantitative studies. The Department of
Lefense estimates an annual cost of about a quarter of a
billicn dollars on guantitative studies with thirty to forty
sillicn alone for new models [Ref. 2].

The Soviets alsc have a deep interest in the use of

aras coamkat to be the operation of a system composed of
subunits of the combined arms team. Through this medium the
Soviets are attempting to model the complexities of combat
in a realistic manner. (Ref. 3]

Table I depicts a general outline of the use of quanti-
tative studies in the¢ Soviet Uniocn. (Ref. 4]

The Soviet Union has used operations research techniques
to study virtually all aspects of combat. A leading topic in
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TABLE I
SOVIET USES OF OPERATIONS RESEARCH

1. btf-Linc Support cf Weapons-Systea Acquisition
Process

- Design of new uéapons systeas
- Developaent of “optimal" tactics for new

veapcns systeas S

Rt R T ‘

2. gg;g%ngcgggggft cf Combat Operations (Automated iﬁi

Soviet studies is that of modelling what they tera troop 1'&
control. Thedir trccp' control closely parallels what is

referred tc as command and control in the United States. We o

are also very interested in the modelling of the command and S

contrcl processes. ([Bef. 5: p.313)

Modelling the ccsmand and control function of defense
forces is a process that models combat at the largest of
scales. Smaller sutmcdels are needed to drive the larger
coamand and control processes. Command and control can be
described as the process which allocates resources. Command
is the term used by military authority to allocate or real-
locate assigned resources. Ccentrol, on the other hand, is
the fprocess by which that allocation takes place. [Ref. 6:
p.5) Pigure 1.1 is an illustration of a simple command and
contrcl rrocess. (Ref. 7)

A methodology for identifying deficiencies and alterna-
tive soluticns in <the command and control process involves
the ne¢ed for assessment of current and projected capability
and reflects the projected growth in the appropriate threat
(Ref. 6: p.11]. Chapter 1III exploras the processes of
combat that must be modelled to accurately assess the capa-
bility of one force against another. These processes are 333
the foundation fcr ccaparing and deciding in the command and ?ﬁ#
contrcl process. -
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__________________________

Tt

Tty

o SENSE
§ COMPARE DESIRED STATE
ENVIRONMENT : ‘
: DECIDE
Ll LT ] AcT
o Pigure 1.1 THE CONBAND AND CONTROL PROCESS. -
ii JSSAP's impressions that coambat models are not +truly
representative of the interaction of small-arms in comkat :
are by no means unique. In its report to Congress the i

Governmert Accounting Office states:

It should be apparent that if attrition and the syner-
gistic effects o lower level combat were <truly under-~
stced there would not_ be such a disparity ' in thse
sodelfing of theater-level attriton. Conversely, 1o the
extent that +these things are not well understood--the
analytical basis fcr assessing wveapon system effective-
gess 3ppears to varrant continuing attention ([Ref. 1:

DPr. F.B. Kapper, the fcrmer Scientific and Technical
Adviscr for the Orxrganization, Joint Chiefs of sStaff,
— remarks:

11




The phencacnology of combat, as far as I'a concerned, is
not as well understcod as it needs_to be. In all hcnest
I den't think we fully understand the interaction o

. comkined arms, Take a  typical ground force situation
vith cre gg; lcoklgg at it,”  Now sqomeore iptroduces ail
kinds cf /ground interdiction and then it gets schme-
vhat complex., Then someone puts in some  *tactical
nuclear o chemical muniticns and that really creates
coug exities that I really don't think we urderstand.
think wve shou%d try to_look at the basi¢ phenomena and
tr! to get a better handle on the essentials., I don't
think wé do enough in this regard [Ref. 8].

After some initial research, it became apparent the
solution of the problems pointed out in the above quctes and
the rrcbles mentioned earlier of quantifying %the contribu-
tion of smali-arms to modern combat was well beyond the
scope of this thesis. With very 1little in the way of
published research cn the dynamics of combat and its
modelling available, a concrete solution on the value of
small-armns tecame even harder. By exploring the basics of
attriticn in combat models and reviewing the main uses of
small-arss in combat, it is the intention of the thesis to
present a framework for inferring how the contribution of
small-arss *o modern combat is implicitly represented for
current xodels.

Chapter II will investigate the current need for small-
aras on the wmodern battlefield. With the wmissions of
small-aras as a foundation, methods of combat modelling will
te reviewed to see vwhy the effects of small-aras are not
fully represented. Chapter III will present an overview of
sodel tyres. This background is important for understanding
hov and why models are¢ developed and what their purfpose is.
Chapter IV explores the basics of attrition modelling. While
small-arns play only a small role in direct attrition, they
are respcnsible for cther larger weapons systams being able
to achieve kills. Chapter VvV investigates the attrition
methodcgy of IDAGAM, a near current aggregated-force model.
Again, small-arms are a small part in direct attrition Lut

12
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attrition is the foundation for amodelling the coatat
dynamics of movement where the effects of small-arms is mcs+
apparent. The last two chapters brirg together these
concepts tc show <the importance of small-arms and how this
importance is implicit rather +than explicit in aggregated
models.

13

- aal
-~ «
4

i

B

4

9
[En—
- 9
c
-
B
.
N
>
T o

“uf

d

“d

hd -
co
col
. -
: {
-~ -
R {
-
o
2at]

o

-~

‘o

3

-

|

‘.1



II. EEPLOYNENT OF SEALL ARNS OF THE HODERN BATTLEFIELD _

4 background on the missions of small-arms is important
for understanding <tbat their major effects are not in the
actual attrition or killing of the enemy but in how they are

" used to control the Lattle. Small-arms are at the very heart
of combat yet their vital effects ars sometimes overshadowed
by the larger weapons sytems. This chapter, based on experi- ‘
ences at the Naticnal Trainirng Center at Ft. Irwirn _;;
Califcrnia, will shovw how ssall-aras are vital to msaking the F

larger weapcns systems as valuable as they are.

: It is a coamon and also intuitively obvious assertion :
ﬁ that tha tank is the most ‘'valuable' weapon system in the o
ground battla. What is not quite as commonly known or :
remenbered is <that the tank 4is a part of a coabined arams
tean, supporting the infantry, whose aission is to "Locate, -
Close With, and Destroy the Eneay by Fire and Maneuver." v
Tanks by thomselves are of nainimum value in a battle.
Tanks, in conjuncticn with a balanced combin2d arms team of
infantry, artillery, aircraft, and possibly naval gunfire, «
have a very high value. .o

There is 1l a tcndenc; in each separate unit...to be :
a cpe-hande uncher. mean that the rifleman
vanti to s oo the ankcr to cha he artilleryman

re...that’is not the vay to wzn ﬁa tle S. : _
-MG George S. Patten : —

The ccncept of a combined arms team is that the value of
the team is greater than the sum of the individual compo- o
nents. The value cf small arms must be thought ¢f in a =
slightly different manner <than tanks or artillery as small
arms are inherent to every fighting unit, not just the

el
A.'_;"n_v_l_=
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infant:cy. The use cf small arms as a tool for mairtaining
contact with the enemy in a close combat situatior has not
changed since the invention of black powder. Despite the
iucreased range and lethality of wmodern wsaporns, the final
stages c¢f combat are still <those of "eye %0 eye." The
attacker's mission is still to eventually stand on <che
ground that the defender is currently on and doesn't intend
on moving from. Other uses for small aras are created and
evolve with the invention and evolution of other weapons
systeas and tactics.

Table II gives the main uses of small arms cn the modern
battlefield. This table was developad after interviewing
mechanized infantry company commanders and evaluators fzon
the National Training Center (NTC), reviewing +the Army's
Command and Staff Ccllege's observations onrn ths NTC exer-
cises, and the author's personal experiences as a Marine and
instructer at the U.S. Aramy Pield Artillery School at F:
$ill, Oklahonma. Table II is not intended as an all inclu-
sive list of uses of small arms. The intent is to give the
reader a2 feel for the irteraction of small arms and an intu-
itive grasp of their value in a combinsd arams battle.

TABLE II
BAIN USES OF SBALL ARMS

1. MAINTAINING CONTACT/CLOSE COMBAT
2. DENY ACCESS 1TC TERRAIN
3. EREAK UP/ISOLATE OPPOSING FORCES AND VEHICLES

4. EREVENT DISMCUNTED INFANTRY FROM CLEARING
CBSTACLES

S. SECURITY OF PCRCES AND WEAPON SYSTEMS
6. HKECCNNAISANCE/COUNTER RECONNAISANCE
7. PERSONNEL SAFETY

15
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Ncte that for points in Table II, the uses of small-arms , f
2 all seea to be related to the soveaent of the ovarall forces ‘i;f
' and pct the attrition of individual soldiers or weapcrms. ol

' The remainder of the chapter will discuss the dyramics of
how ssall-arms accomplishes the tasks enumerated in Tatlse II

T A. STRATIEGY OF CONBAT

Frca the American perspective, Soviet doctrine for
varfare in Furope is that of a rapid advancs. Their offen-
sive actions intend or bypassing strongpoints or a quick o
breakthrough if that is impossible. Their plans utilize an -
echelcr ccncept for follow-on units to cleaa up stronghclds.
Through proper emplcyment of €£ront 1line units anrd well-
Flaced ctstacles prctected by smali armas fire, the NATO
defense is to channelize their advance, break up their -
echelons, and isolate units from the main force. [Ref. 9] )

The National Training Center (NTC) at Ft Irwvin, _
Califcrria <conducts 1live-fire coabined-acms € xercises 'Q
throughout the year. NTC utilizes videotape and constant —
position locating equipment along with the  Multiple '
Integrated laser Evaluation System (MILES) for deteraining
kills. The Center is not capable of assessing kills due to :
emall arms but they do play a role in the exercises. -
Cbstacles are a key to slowing down and chanrelizing an
attacking fcrce. Wken obstacles are sncountered, infantry

are required to dismcunt and clear then. Machine gunr and
rifle fire prevent the clearing, or at least slow it down.

-~~~
Consider a situation in wvhich a tank or personnel carrier T

At o8 bl
- 4

“haat' T " VR TTwW W weye

encounters an obs*acle. If the defender is r[roperly
eaployed, the vehicle will be taking fire. The obstacle aust
be moved or the vehicle will be destroyed. Infantry dismount
and atteapt to clear the obstacle under the direction of the
vehicle ccmmander who is coapeting with rifle fire directed

vy
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at the infartry for the attention of the man. If a large
sachine gun is penetrating the carriar, the command and
control cf the unit is disrupted. What has more impact; a2 _tj
: sergeant or .50 caliter jacketed slugs tearing holes through 4
- a few inches of allusinum surrournding one? The extra time \
3 in the cbstacles, brought about through small arms fire, :‘ﬁ
h increases the probability of kill £for larger weapons due to ;;j
f sore acquisition time and time for more rounds to be fired. .

On the other side of the coin, small arms bring abcut
protecticn from antitank guided missiles. If an antitank -
weapcn has a certain probabilty of kill ia a non-opposed L¥4
situation, that probability 4is ~certairly degraded by
suppression from small arms fire, even if a kill of the
veapon is not achieved. ! Infantry and small-arms drive cut -
individuals with antitank (AT) waapons. Regardless of - o]
vhether cr not the vweapon is destroyed, the wunit nmcving N
against the AT weapcns is able to move faster and further
than if the AT weapons were at their full effectiveness.

A heavy conmbat unit, such as a tank company in the
defense, can be destroyed by a numerically smaller force of
antitank weapons if the tank company do”rs not properly
emplcy its organic spsall armas in a viable security plan.
There is sometimes a tendency in armor and artillery units
to gc¢ lax cn security measures and the result is that a
small, 1lightly armed opposing force is able to destrcy or
bighly degrade them. 2

MO RO |
1]
dh

1Thesz conclusicns and cbservations were drawn from Lol

conversations with LIC. J.C. Crowley of the Trends sectioa R

of the Ccabined Aras Center at Ft. Leavenworth, Kansas. See '

gggen ix a or a ccaplete view of bhow small arms and i
aptry are integrated into the combined arms teamr at the

Nationali Training Center.

21§ese cbsorvationi are taken froa conversat%ons with
Capta Re Hirl nger, zn thf Tas Force
Obsz:vo:-ifntrollor at the gat o%al Tra nina Centei. r
Irwvin, California. See appendix A for further discussion.
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- Artillery units pot only need good security whila actu-
ally delivering fires, but duricg movement to other posi-
tions. The invention of <counter battery <radar forced a
doctrinal change on the artillery of requiring several moves
a day. During these moves the artillery pieces are of
little value but they are highly vulnsrable to attack from
light infantry units. Their only means of surviving to use
their high combat value is through effective use of organic
small-arss.

An artillery weapons system is composed of three parts;
the hcwitzers themselves, a fire direction center, arnd scame
seans of obkserving and directing the fires, normally a
foward chserver. The foward observer is employed with the
front lire units to lccate and adjust fires on targets. He
relies cn small arms for his survival. Even if he never
engages an enemy with his personal weapon, his kold and
agressive surveilance of the battlefi2ld would be Lkanmpered
if he did not have the means to protect himself. Likewise,
ar enemy would be more aggressive in his acticns to take out
the cbserver if he was aware that the observer was inade-
quately protected. Esychclegy plays a big role here. Whe
would be more apt tc confidently adjust artillery fires or
call in air strikes in a hostile Jjurgle environment-a
soldier who has a heavy M-14 rifle with limited ammo because
cf ite weight or his adversary with an AK-47 capable of
rapid rates of accurate fire? The argument for the long-
range kill capability of the M-14 is valid, the point here
. is that the weapon must be the best for the job. Long-range
kills in a jungle¢ are few and far between but the knowledge
that ycur weapon is ketter suited for the task at hand than
the eneay's is of great importance not only in contact but
in attitvde. -

Reconraisance is a big key in the command and controel of
combat units. Where are the eneamy strongholds? Hov many
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eneay are there? What types of weapons does the enemy have?
These gquestions are ansvered in part by actual manned
Fatrels. As is the case with tha foward observer, +hese
patzcls rely on small-arms for their protectior and aggres-
sive actions. The ofposition also employs patrcls. The key
to insuring a good defensive plan is praventing the enemy
from defeating it <through the use of his reconnaisancs.
Small-armss play the largest role in this counter recornai-
sance scenario. How close would an enemy infantryman look
for obstacles if he was aware that his helmet was Lalanced
on the frcn* post of an opposing rifle? How effective would
he be if the rifle deliverad accurate fire on the targe+?

B. VALUE OF SHALL-ABES TO LABGE UNITS

Based on the above examples, figure 2.1 is an intuitive
approach to the value of the organic small arms in say, arn
artillery battery or tank coampany. Naturally, a unit with
no ssall arms may easily become the target of light infantry
infiltrateors. With nc means to protect itself the bat%ery or
company could readily be destroyed or degraded. A unit
with, say twice the table of organization and equipment
(TOE) in small arms pormally assigned to it would not gain
such cverall value as too many personnel would be required
to man the smaller weapons and manning of the larger weapoas
vould suffer. More effective small-arms would enable more
weapcns to increase the value of a unit without the expense
of added personnel.

C. BSSEECE OF CONBAT

Bany good studie=s have been made on command and control
counternmeasuras and ccunter countermeasures (C3CM), Lut they
tend to focus on the technical aspects of Jaaming and
imprcved and special nmunitions delivered by aircraft and

19
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Pigure 2.1 SHALL ARAS IF OVERALL VALUE OF UNIT.

artillery. One of tle primary mission of the Soviet Union's
special forces or "diversionary" troops is that of neutral-
izing ccamand and control centers. These "Spetsnaz" units
are elite, special trained scldiers vho infiltrate deep into
the enesy rear areas to disrupt and destroy. The defense
against such actions is for the operators of the command and -
contrcl centers to be well trained ia the use of small arms e
and for their ccamanders to insure that all personnel are ?}ﬁ
avare that they are goldiers first and their specialty is in L
support of an overall combat actica. ([Ref. 10]) [
The effects of ssall-arams are not merely to kill infan- e
trymen in an infantry on 4infantry battle. The majcr value 3
of ssall-azmas 1is their integraton into a tactically sound 1
plan of a ccmbined-arss team. It doesn't matter who obtains — 7
.-&

1

1

the kill, the important point is that weapoas systems werk
together to nmeet an overall objective of victory with

20
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: linited friendly casualties. Ssall-arms are as vital to this
tean as tanks, aircraft, or artillery.
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IIT. CYERVIEW OF MODEL TYBES

Kpowing why models are developed goes a long way in the
understanding of wvhat one can expect thea to do. This short
: chapter gives an introduction in this regard and .will
I - prepare the reader for the actual concepts of attrition
' modelling presented in the following chaptars. Y

Mcdels are abstractions of reality. They are developed !

and use¢d because their idealizations are easier <than £full- :

I scale exercises to use in analysis due to far 1less —
: complexity. The U.S. Army Models Review Comnittee defines a
sodel as "an abstract representation of reality which is
used for the purpose of prediction and to devliop an under-

Tee -4 EE——_ .

. .
R KT
A denciiiedhinedad

i standing abcut the real world processes"™ {Ref. 2: p.5S].
; Mcdels are generally classified according to how they
represent reality. Figure 3.1 shows the varying degrees
with which combat representations portray reality. (Ref. 2:
I p-6] Field exercises, field experiments, and map exercises ;::

are more realistic but they are expensive, hard to control

and take a great deal of preparation to set up. The more

abstract models on the right can be run to give design to or
' a basis for a more ofperationally realistic model towards the
- left.

Wargames and open simulaticns use [feople in the loop to
simulate ccabat decision processes, vhereas closed sinmula-
tions and snalytical models use algorithms to represeant
decisicn Eprocesses. Simulations often use pseudo-randoam
nuaber generators tc deteraine outcomes and are generally
called Mcnte Carlo simulations. Analytic aodels are mathe-

.. .
-

P T THL o e a7

matical models and are¢ ususally deteraministic as opposed to -

the stochastic approach of using random numbers. (Ref. 2: Q
p-6)
)
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There is some discussion cver <the validity of determin-
istic versus stochastic models, but the conceptual methcd-
clogy used in this thesis can be tailored to either type of
approach. Although the models discussed in this thesis will
te of the deterministic analytical type, their outcomes ca:
ke used as submocdels of the more realistic simulations and
wargages,

A simulation or wargame has to model many different
aspects c¢f combat in order to be a valuable tcol fcr ar
analyst or ailitary coamander. Table II lists <the major
combat processes that must be considered [Ref. 11: p.66].

TABLE III
CONBAT PROCESSES

1. Attrition
2. Movement

3. C3 1 iommqnd, Co trol,
Coamaunications an Intellzgence)

4. Support

Bcvement of the Foward Bdge of the Battle Area (FEBA),
or as it is nov calle¢d, the Foward Line of Troops (F1OT), is
a fupcticn of many things including terrain trafficability
and a fcrce ratio of attacker to defender. The changing
force ratic during ccabat is a direct function of the attri-
tion process of both forces involved as well as zoveaent
against each other. This attriton to movement concept is an
important pcint. As chbapter II has pointed out, the value of
gpall-arss is aore in <the movement phase but it will be
shown that attrition 4is the underlying concept for current
acdels.

24
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s mentioned in Chapter I, the process of command and
contrcl invclves comparing and deciding. This compare and
decide phase compares strengths and weaknesses of both sides
with an appropriate decision on how best to contrel <+he Pﬁg
battle tc an outcome favorable to the friendly sids. ?j

It is critical that the attrition process portrays a 4ii
combat situation as realistically as possible. Attrition ;;
not only drives movement, but it is also the foundation of
assessment of changing force capapility that *he commander
relies on in his sense and compare states. The Mitre o
Corpcration®s Study oan Command and Control Evaluation L
concludes with six remarks, two of which are appropriate
here:

shere_ is a2 need tc devlop simple anglltic models _to -

escrike the current and prpgected carapility of a mili-

tary_ fcrce_ _to acccmplish i€s assigaéd wmissSicas. The

model should reflect the general nature and magnitude of

an existing deficiency.

Models cculd be vseful in, structuring/fccussirn the

rescurce allocation debate in_the Services and at high n
overnaent levels. Thesg mnodels could identify icformsa- —
ion needs and determins contributions of groposed -
programs to mission accomplishment. [Ref. 6: p.66] ]

In a sigulation, as in *he real world, the comaander
needs feedktack on his decisions. The assessment routines -——
that rely ¢n attrition are of paramount importance to a
reallistic model. Attrition is only part of the overall
combat process. But the need for the analyst of the wargame
or simulation to understand the capabilities and drawbacks
cf <the attrition processes used in his model cannot be
overstressed.

The next chapter deals with different attrition
aproaches used, starting with a simple Larnchester equation
cf ccmbat. Conceptually it would be ideal to represent
combat at <the item to iteam 1level. This would 4involve
portraying the results of one on one ccabat for each and

25
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every [Ffcssible combination of friendly to eneay weapons
engagenments for all weapons available to eithsr side. This
would become very complex and somewhere alorg the way
aggregaticn of fcrces bacomes necessary. Aggrega<ior yields
an "“overall combat effectiveness” of the force that is

‘needed, if not for the model itself, for the commander's

sensing and comparing of his capabilities against that of
his cpponent. The second half of Chapter IV deals with
aggregaticn concepts.
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IV. BODELLING IBE PORCE-ON-FORCE ATIRITION PROCESS

Attritiocn modelling, or casualty assessment of scme sort
is cne of the foundation processes of all combat models. By
examination of these frocesses, one will be able to under-
stand how the effects of small-arms discussed earlier are
implied rather than openly used in the attrition processes.
There are Lasically three approaches to casualty assessment:
a Mcate Carlo siaulation, the firepover score, or a
lLanchester-type model. Monte Carlo simulations are gener-
ally used fcr battalion-sized units and smaller engagements
and hence will not be discussed further in this thesis. The
firepcwar score approach is used in modelling theater-level
combat and will be addressed in the second half cf this
chapter and in chapter V. Lanchester-type models have been
develcred in the United States for the full spectrum of
combat from small units to theater level. (Ref. 2: p.12]

4. DETAILED LANCHESTER-TYPE HODELS

Prederick W. Lanchester's purpose in 1914 vas to provide
insight into the dynamics of combat under "modern conditons"
and tc justify the rprinciple of concentration. His tasic
equations have been the foundation for virtually all differ-
ential eguation approaches to combat modelling. FPigure 4.1
depicts the basic Lanchester paradigm. ([Ref. 12])

1. Ibe Pundameptal lanchester-Iype Actgrition Paradiga

The combat in figure 4.1 is between two homogeneous
forces: a homogenecus X fcrce (for exaample, tanks) opposed
by 2 hcmocgeneous Y force (for example, anti-tank weapons).
lLanchester’s equation for modern wvarfare assumes that the

27
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x(t) b y(t)

Pigure &.1 LANCHESTEBR COMBAT.

casualty rate of such a hocmogeneous force is directly
propcrticnal to the number of enemay firers. Por axamrle, *the
X force casualty rate is given by equation 4.1 where 'a‘
danotes the rate at which a single typical Y firer kills X
targets and is called a Lanchester attriton-rate coeffi-
cient. X(t) and y(t) denote the numbers of X and Y comba-
tants, respectively, at time t with x(0) x and y(0) =y.
(Ref. 13: p.8]

dx/4t = -ay (egqn 4.1)

Equation 4.1 was Lanchester's formulation of "modern
varfazre" and is referred to as the "aimed fire" law. The
lav of "ancient warfare" or "area fire" depicts the time
rate c¢f change of the X force as being proportional not only
to the numker of eneny firers, but also to tha nuaber of
friepndlies they have to fire upon. This is shown in
equation 4. 2.

28
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dx/dt = -axy , (egn 4.2)

In both ¢of the above twc squations, it is assumed
that koth the X and Y force are grsater than zero. That is !
to say that the casualty rate is equal to zero if the force
size is equal to zerc.

The casualty rate for the Y force in aimed fire to
complement equation 4.1 is that dys/dt = -bx, where b denotes
the rate at which a single typical X firer kills Y targets.
These ccnstant coefficient Lanchester-type equations for »
modern warfara lead to Lanchester's famous "sguare law" in Lz
equaticn 4.3. Equation 4.3 yields many important results.
For example, X will win a f£ight to the finish if and only if
’o/Yo >J7b. The Jab is known as the “intensity" of combat. S
Figure 4.2 graphs tkte X and Y force 1levels under modern - -

ST T T

Pttt

R

combat. ([Ref. 14: p.12] .
b(zg-2d) = a(g -1 (egqn 4.3)

lanchester's work in 1914 was insightful and helped
Frove the value of concentration of fire but there were -
shortcomings in his criginal mocdel that needed looking at if ?25
we vere to use his fcramulations today. Table IV lists these o
shortcoamings. (Ref. 12: p.9]

Virtually all of the shortcomings listed in table IV
have Leen addressed in some way or anotker by extensions to

P the Lanchester theory; some more adequately tharn others.

if For example, to mode¢l supressive effacts it would seem easy T
X enough to degrads or lower the attrition rate coefficient to ;}%
f reflect degraded fire effectiveness of the firing units. ﬁf?
i Unfortunately there is no supportable data on troop tehavior ii;

vhen under fire to use in such a situation.
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Force

x(1)

| | X
4 8 12 t 16

—t—

Time (minutes)

X and Y forces f£¢r combat modelled by constant-
ccefficient Lanchester-type equations for

fcr modern_wvarfare€é. As ong as both X and !>0,
the fcrce level x(t) is givén by aquat;on 4,

For tlese calcu lations, a=0.04 x casualti es/
minute per y rer and b=0.04 Yy casualties/
mlipute fer Xx rer.

Pigure 4.2 FORCE-LEVEL TRAJECTORIES.

x(t) = x coshJab t - z;Ja/b sinhI;; t (egn 4.4)

Although the 0.S. E Coabat Davelopaents
Experiimentation Cclland écnz ) has conducted man
supression experiments and the U.S. Armay has reviewe
the entire ¢t gic of fire iupp:essign. the representation
of uppressive effects a sy-assgienent models

remains a major prctlem area E
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TABLE IV
SHORTCCBINGS OF ORIGINAL MODELS

1. COEPICIENTS CONSTANT OVER TIME (e.g. VARIATION OF WEAPON
SYISTEM CAPABILITY WITH FORCE SEPARATION IGNORED) 2

2. BO MCVEMENT CP FCECES (e.g. ADVANCE OR RETREAT) N
3. HCMOGENEOUS PORCES e
4. EATTIE TERMINATICN CONDITIONS NOT GIVEN Sz
S. DETEEMINISTIC, NCT PROBABILISTIC N
6. NO REPLACEMENTS OR WITHDRAWLS 3
7. TARGET AQUISITION FOBCE LEVEL INDEPENDENT 3
8. FIRE ALLOCATION NCT EXPLICITY CONSIDERED md
9. SYMMETRIC :

10. ¥O CCNSIDERATION CP NONCOMBAT LOSSES (E.G. DESERTIONS,

i

:
X
K

FOW I I B

SUBRRENDERS) _

11. NC LCGISTIC CONSICERATIONS o

12. NC WAY OF PREDICTING LANCHESTER ATTRITION-RATE COEFFICIENTS -

13. SUPRESSIVE EFFECTIS OF WEAFCNS NOT CONSIDERED e

14, EFFECTS OP TERRAIN NOT CONSIDERED -

15. SPACIAL VARIAITONS IN FORCES NOT CONSIDERED ;;a

-

Suppressive effects is by no means the only contro- Sﬁg

versial issue with attrition modelling. The very nature of iﬁ?

the attrition coefficents is one topic worth discussion. ;ﬁﬂ

A Attrition rate coefficents all have a basis in historical aan
. extracticn from past combat. Reconstruction of a comtat '

L A

situation is a difficult thing to do, and often important

- items are overlooked, but it 4is essentially the only means

E upon which to start the computations of attrition rate coef- 3
gi ficents. Amno expenditure for a past battle is compared %o —
@ the number of kills achieved for that weapon then the scen- B
: ario is looked at in terms of terrain, visibility, opposing T
g veapons, and other factors to derive an attrition rate coef- Tf?
Lf ‘ ficient. These rates are then massaged for how the weapons Ef?
Ej cf the g[past battle are perceived to be different froa the f%ﬂ
> ]
: ! 2
- %
)
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fresent sjysteas.
selectirng attrition rates is one requiring considerable,
never ending affort. The rest of this half of the chapter
cn Lanchester equaticns will deal with generalized exanmples
cf extenticrns derived to counter +the shortcomings listed in
table 1IV.

Table V lists different functional forms for attri-
tion 1rates that have been considersd in <the Lanchester
combat thecry literature. (Ref. 2: p.31]

TABLE V
FUNCTIONAL FORHNS FCR LANCHESTER ATYRITIORN

It is apparent that the concept of

TITRITION DIFFERENTIAL STATE
PROCESS EQUATICNS EQUATION
dx/dt=-ax Lanchester (1914)
F|F dy/dt=-bx b(x -x ) = a(y -y )
Square Law
dx/dt=-axy Lanchester (1914)
FT|F1 dy/dt=-bxy b(x =x) = a(y -y)
Linear Law
dx/dt=-a Bracknae 1959
F|EFT d;;dts-b¥y b/ZA; -x)za Yy -~y
ixed Law
dx/%ts-ax ieterson (1953)
TIT d t==b b ln(x /x)=a 1ln
' ¥/ Y (Loéa%ithmiéngg
dx/dt=-ay-Bx Yorse_and Kimball (1951
(F+T1) | (F+T) dy;gt:-b -Ay (generaliy very %onpficatéd)

Abreviations used <to denote the form of Lanchester
attrition under discussion are of the form F(FT where *'|* is
+he dividing line Letween attacker and defender. The
different ccabinations normally encountered are depicted in
Table V. The square lawv and linear law bhave already been
discussed briefly. The mixed law is a coambination of these
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two which can be conceptualized as an ambush-type engage-
ment, in which one side employs aimed fire and the ambushees
use area fire, as they do not know the exact location of the
ambushers. The logarithaic law is normally orly used during
the early stages of small-unit engagements, in which the
vulnerability of a force dominates its ability to acquire
eneay targets. (P+1) | (P+T) combat 4is, sioply stated kut
very coaplex in practice, square law attriticn between
combatants with operation losses or losses du2 to supporting
arms that are themselves not subject to attriton.

2. Helmbold's Exteption

Helmbold hypothesized that a much larger forcs would
fight less efficiently than a smaller opponent and intro-
duced a modification that alters the attrition rate cceffi-
cients based on force ratio. Equa+tion 4.5 and 4.6 show
Belmbcld modifications with a(t) and b(t) being the time
dependent attriton-rate coefficents, and Ey acd By denoting
the fire effectiveness-modifications that model the ineffi-
ciencies of scale.

dx,sdt = -a(t)*EY(x/y)*y with x (0)=X, (egn 4.5)

dysdt = -b(t)*E‘(y/x) *x with y (0) =Y, (egn 4.6)

Helabold stated that his fire-effectiveness-
modification factors should satisfy the following three
requirements: (Ref. 2: p.37]

(R1) E*(u) = Ey () (1.e. same inefficiencies
of scale for each side,

(R2) E(u) is an increasing function of its argument,

(R3) E(1)=1

33
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Belmbold considered the special case where his mcdi-
ficaticn factors for scale were a power function, i.e.;
B(u)=u with c>0. In the case of constant attrition-rate
coefficients, Helmbcld equations then become equations 4.7
and 4.8. W is refered to as the "Weiss" parameter and
W=1-C. When W=1, Helmbold reduces to the square law, when
W=1/2, the linear lau and vhen W=0, the result is thka loga-
rithnic law. [Ref. 2: p.39)

w
dxs/dt = -a*(x/ff y with x(0) =Xp (eqn 4.7)

o .
dysat = -b*(y/4) 1 with y(0) =Y, (eqn 4.8)

It is valuable to look at the various attrition
equations in terms of small-armss. Small-arms will seldom be
used in the equations directly, their value comes in te:ras
of how are the various parameters of the equations affected
by small-aras. AT weapons atteapt tc kill tanks. How is the
expected time to kill a tank affected when small aras are
shooting at the AT weapon as opposed to wvhen it is not.
Although it is difficult to <say rumerically the difference,
it is cbvious the difference is there.

3. Determigatiop of Atirition Bata Coefficients

Twc approaches have been used in the United States
for the determination of attrition -ate coefficients. They
are;

1) a statistical estimate based on "coambat"
data generated ty a detailed Monte Carlo
cosktat simulaticn.

2) an analytical submodel of the attrition
proccess for the particular combination of firer
and target types.
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The first approach is known as a tfittad parameter
analytical model' since the attrition rate coefficiernts are
statistically estimated from a Monte Carlo combat simula-
tion. The second agproach is known as a freestanding or
‘independent analytical model.' Basically this second
apprcach says the attritcn rate coefficent is equal to the
reciprocal of the expected time for aa individual £firer to
kill a single target, as shown in equation 4.9. (Ref. 2:
p.47] 3

a = 1/2E‘,\\a | (eqn 4.9)

Table VI 1lists the parameters necessary £fcr under-
standing the expected time to kill approach for determining
lanchester attrition-rate coefficeats. {(Ref. 2: p.51] With
the definitions of table VI, the expected time for an indi-
vidual firer to kill an enemy target is shown in eguation
4.10.

Although equation 4.10 is a formidable 1looking
expression, it does reduce ©picely to intuitive appealing
results with certain assumptions: 1) If the target acquisi-
tion time is negligikle (t =0), 2) the weapon has a uniform
rate cf fire (t; =t =t, = 1/v), 3) statistical independence
among cutccaes (p=p(bih) =p (him) = Pssk), and 4) negligitle
time of flight (t =0) , equation 4.10 reduces to eguation
4.11 vhere the single shot kill probability Pssk is given by
Essk=Pssh*p (k{h) .

This leads to the intuitively appealling result that
the Lanchester attrition-rate coefficient is equal to the
firng rate, v, of the vweapon times the probability of a
single shot kill by the weapon. (Ref. 2: p.52]

3See reference 13: p.139 for justif ca*ion for using the
recigprocal cf he expected 3 a target as” the
Lanchester attriton-rate- Ccoe 1ciont.
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TABLE VI
EARANETERS IR EXPECTED TINE TO KILL EQUATION

Factors included in expressicn for Lanchester attriton-
rate coefficient for single-shot Markov-dependent-fire
Yoapol SEskRs yiflil.degapriififjstrivution for the

TINE TO ACQU;RE A TARGET, tq

TIME TI0 FIRE PIRST ROUND AFTER TARGET ACQUIRED, t,

TIME TC FIRE A ROUND FPOLLOWING A HIT, tn

TIME T0 FIRE A ROUND POLLOWING A MISS, tm

TIBE CF FLIGHT OF THE PROJECTILE, t¢

PROBAEILITY OF HIT ON FIRST ROUND, p

PRCEAEILITY OF A HIT ON A ROUND FOLLOWING A HIT, p(hlh)

P%g?AEILITY OF A HIT ON A BCUND POLLOWING A MISS,
P a

g%g?%fIIIT! OF DESTROYING A TARGET GIVEN IT IS A HIT,

(t + t )

E[T] = ta*'tl-th ﬁ—[—r-PKH

(t. + t,) (egn 4.10)
m £ [1 - P(h|h)]
* TRm { Wﬁd— + P(hln) - Pl}
BE“J = V"Y Psskw) (egqn 4.11)

a = v Pssk (egqn 4,12)

The assumpticn of negligible target acquisition is a
gross one fcr sisplification. In reality, target acgquisi-
tion time is a very iamportant factor to be considered in
cperaticnal models. Two basic approaches are used for
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target acquisition: 1) parallel acquisition, 4in which a
firer continually searches for targets, even when engaging a
target and 2) serial acquisition, in which one <cannot
acquire targets while engaging another target. ¢

Again, the data for these egquations has a historical
base with alterations froa testing as possible.
Frobakilities of aitting and killing a target are contrcver-
sial issves under different conditons but it is obvious that
most all of the factors in the equations are affected indi-
rectly by small-aras fire. The time to acquire the target
is the jcb of the fcward observer discussed in chapter II.
If the otserver and the personnel in the artillery position
itself have gcod security with small-arms one can bet that
the probability of a hit is higher dus to factors such as a
tetter target locaticn, more accurate firing data deteramined
by the fire directicn ceater and a more precise 1lay of the
hovitzer itself by a crev free from the distracticn of a
harrassing sniper.

4. JHeterogenegus Forces

The above mentioned concepts and equations are
foraulated for a homogenaous force. The concepts can be
extended to apply to a combined arms scenarioc more in line
with the orerationally pertinent forces of today. For
example, an X force composed of infantry, tanks, artillecy,
aircraft, and all the different weapons systeas associated

" with them, would be more realistic on the modern battle-

field. Pigure 4.3 depicts a schematic of a hetercgerecus
force attrition model. (Ref. 13: p.16]

In exanining figure 4.3, the X force has "a" weapon
types and the Y force has "n" weapon types. The subscript i
refers to the X force while the subscript j refers to the Y

4See reference 13: «30-73 for a fairl lete look
at the target acgnisitiogpproccss. airly comp
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Pigure 4.3
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force. . In the double subscripted attriton rates, the first
subscript denotes the target type and the second subscript
denotes tle firer. A;; denotes the rate at which a typical Y
firer kills X targets in the oposssing enemy force.  With
these definitions, equation 4.13 defines the attriicn rate
for <the individual ith weapon system of <the X fecrce.
{Ref. 13: p.W)]

‘Zl.'j T (eqrn 4.13)

et

dygsat

In a logical extention of homogensous attriton
rates, the haterogeneous attrition ratss A;; are given by
equation 3. 14 where Tyy; = the time for a Y firer type to
kill an 3 target type.

Ay =V B[Tm;l (eqn 4. 14)

There are tw fundamental assumptions behind the
heterogenecus force attrition equations 4.13 and 4.14: _
(1) The attrition-rate effects of various different
€enemy veapon-system types against a particula:c
friendly tarcet type are additive,

(2) The loss rate of a particular friendly target

type to each enemy weapon-system type is

Froportional to the number of enemy firers of

that particular enesy-firer type.
Although assumption (1) is fairly restrictive (it means that
there is po 1mytual support among different weapcn-sytenm
types, 1i.e. no synergistic effects), the author does not
know of any U.S. heterogenecus-fcrce model that does not use
it. [Ref. 13: p.18]

The formulaticns described above lay the foundations
for detailed Lanchester-type attrition models. The
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equations for heteroceneous forces make for very complicated
differential equations that, for the most part, are impcs-
sible to solve explicitly. The state equations and defini- ]
tions of force posture for victory that were presernt in

: homogenecus forces are no longer possiole. The *solution! S
5 cf the complex attrition equations entails the use of a i :
i discrete time step integration. The time step 4is used to ..

sultiply the attrition rates and veapon numbers. The

result, the actual attrition fer that periecd, is suttracted
_ froam the value of the X and Y forces from the previous step.
. The fprocess is continued, with the aid of a high speed -
‘ digital ccaputer, until one force is defeated or until a '

F~ breakpcirt is reached. A breakpoint is a prior determired

' point at which «cne cf the forces breaks off the engageaent L
due tc 1reaching a certain minimum in his force strength. ' -
Actual cperational wmcdels are much more complex than :
described here but tie conceptual approach used is valid and
should give the reader an appreciation of the parameters and S
met hodology used in detailed Lanchester-type ccmbat e
attriticn.

5. Levelopment cf Operaticpal Models

Ccmkat is a very complex process that contains many -
interactions that are difficult to describe or even urder-
stand. The paradiges discussed so far are foundations for
the underlying attrition processes of combat but, Lty them-
selves, camnnot ke used to model combat. To develop opera-
tional ncdels, a more complete look at the total of the
comkat processes nust be considered. .

Considerations must be given to operational factors )
such as supplies on kand and aamo expenditure rates. The
cverall guality of troops in regards to experience, training
and possible fatigue cr motivational aspects are important.
Rates cf movement in relaticn to terrain types, wveather and ‘1

- gl
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attrition are important considerations in an operatioral
sodel.

It is obvious that thes relations discussed above
drive an operational model intc a very coamplax process that
sust ccnsider relaticnships between the different factors in
detail. A method used to alleviate some of the complexity
cf operational models is to make certain assumptions abcut
the detail of lower-level c¢cmbat so more emphasis can be
placed cn the relationships of operational factors in the
combat processes. This method involves ‘aggregating' the
weapcns ¢f a force into a larger entity that has the implied
strength cf all weapcns composing it.

Unfcrtunately for small-aras, the proceéses used to
determine outcomes are based first on attrition and then on
sovesent. The point is that small-aras affect movement mcre
so than attrition. Since small-arms do not play a large roll
in attriticn, <they are not represented in the =zovement
phase. Examination of chapter II and appendix A reveals
that small-arms play a vital role in wmovement directly
though. AMAn attacking force can move through a defended posi-
tion much faster if a successful reconaissance was corducted
and if the AT weapons are supfressed. Small-arms are the
key here.

E. AGGREGATED HODELS

The detailed Lanchester ~type equations discussed earlier
sodel combat in a amicroscopic manner. The attrition
reflects the internal dynamics of combat on a wveapon to
weapon Lasis. Another apprcach for modelling attrition ,
commcnly called the Firepower Score, is to represent it in a
macroscopic fashion. Rather than model attritica in a
weapcen by weapon basis, the value of the weapons systems of
a force are¢ added up to give an overall "combat capability"™
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index of a force. This comkat capability is compared to the
capability cf an opposing force and the act of comtat causes
attrition to the capatility index rather than the individual
weapcns directly. losses to individual veapors are deter-
mined through some pseans of disaggregation bazsed on <the
cverall loss to the capability index.

Whetler the comkat model is a detailed Lanchester-type
model cr of the Pirepower Score approach, "a key observation
is that at some point in modelling, detailed description of
the interactions betuween physical things ceases and estima-
tion ¢f relationshifps based on derived capability measures
begins.® ([Ref. 15: p.ii)

TABLE VII o

DETERMINATION OF A FIREPOWER INDEX POR A COMBAT UNIT -

TOTAL L

CONTRIBUTIO e

PIREPOWER TO FIREFO z? e

WEAPCN NUMBER SCORE INDEX o

RIFLE —

¥-60, .30 cal 150 6 900 s

MG, ‘
H'2, .50 cal 250 10 2'500 "

MORTAR, S

BOWITZER o

-1 9(5&). 155mm 50 40 2,000 i

HOWITZES, o

N-110, gn 8 30 240 -

gu 3

Ne0A2 200 100 20,000 S

TOTAL FIREPOWER INDEX 32,640 S
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Table VII is an ex4ample of the Pirspower Score apprcach.
Firepover scores are used to denote the relative value of a
gpecific weapon while a firepower index is “he summaticn of
all firerover scores cf all weapons or the overall strength
cf the tctal force. The firepower score starts out as some
statistical capability of single-round lethality times the
amauniticn expenditure rate. PBut varying degrees of sulkjec-
tivity are involved in the final score given. (Ref. 2:
B-87)

The numbers and scores for the weapons in Tablie VII are
definitely cpen for dJdiscussion. This is one of the under-
lying arguments to this approach. The main pcint here is
the ccncepts not the particular numbers and score.

Whether known as weapons effectiveness index (WEI),
weapens unit value (W0V), firepower potential (FPP), or any
cther of a number of pames, firepover indices have been used
for at least thirty years by military planners. It
division-level combat and above, firepower indices are used
as a representation of unit strength t¢ compare against an
cpposing fcrcef's index to determine outcomes of ccamtat
Frocesses as shown in table VIII. [Ref. 2]

TABLE VIIX
USES OF FIREBPOWER SCORES

(1) determine engagement outcomes
(2) assess casualties
(3) determine FPEEA movenent

and (4) determine tactical decisioas.

Opce the firepower index of a unit is determined, as in
table VII, it is ccapared to the firepower index of the
opposing force to get an attacker-defender force ratio. The
force in Table VII has a firepower index of 32,640. If an
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attacking enemy were to have a firepower index of 146,880,
then the attacker-deferder force ratio (A/D) is - 4.5. An
example of the casualty-rate curves used in the Atlas Model
is shcwn in figure 4.4. Noctice the different attrition
rates derending on force ratioc, type of engagement, and how
fortified the positicn. [Ref. 2: p.97]

The <firepower score approach to combat attrition
sodelling has received a fair amount of «criticisa. It is
not as intuitively appealing as a detailed Lanchester-type
model, lut it is much easier to use in large level combat.
This easier use is dc to 1less parameters to input making i+
easier tc; build, get data, make computations, and to
analyze results, Chagter V explores the concepts of ancther
aggregaticn approcach. While eventually this other approach
is a type of firepower score, the methodology used *“o arrive
at the score is  uniquely known as the antipotential
potential method.
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V. RERRESERIATION OF AIZIRITION IN IDAGAN

Ciscussion of an operational model will highlight the
points of the previocs chapters. Small-arms have not lost
any of tleir value tc the maneuver commander in the combat
situaticn. They are just appearing to lose it to a modelling
technique that is forced to evaluate combat in ar aggregated
fashica. '

The 1Institute fcr Defense Analysis Ground-Air Model
(IDAGAM) 4is a deternministic computer aodel of theater level
conventicnal comtat representing two opposing ground and aic
forces. IDAGAM was initially producad for use Ly the
Studies, Analysis and Gaming Agency, Organizaticn of the
Joint Chiefs of Staff (SAGA,0JCS). The model was the prin-
ciple model used by SAGA in apalyzing war plans for conven-
tional land coabat.

The model used ncw by SAGA is the Integrated Battlefield
Iterative Model (INBATIM). INBATIM is the model used in the
Tactical Pcrce <Capability Analysis (TPCA), the Bmajor U.S.
joint analysis of conventional combat capability. INBATIN
evolved from IDAGAM and the antipotential potential approach
described here for IDAGAM is essentially the same as that
used in INEATIN. INBATIM bhas dropped the computation of
close air support frcm the ground model and encorporates it
in the air portion. INBATIM aggregates weapons according to
classes. There are twelve classes startirng with small arms
as class 1. S

The emphasis of this chapter is on the attritiomn calcu-
lations most often used in IDAGAM for ground combat. Since
IDAGAR ie a theater level model, there ars many submodels of

ation on INBATIM is taken from a conversation
.M. Cummings of SAGA,O0JCS.
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importance to the overall model. Air combat, logistics, and
theateér ccntrol are very critical to the running of the .
model but there is nc need to discuss thea in detail h=re as ;;j
the effects of small-arms are not directly related to them. Loy

Figure 5.1 shows the organization of the ground ccmbat
sodel used in IDAGAN. The discussion of the @model will
concentrate on ccmaputing losses of weapons and perscnnel as
these are the attrition [processes where the effects of
spall-ares are iambedded. The scheme for computing attrition
is dependent on the "Method for Computing Force Ratio"
(MCPR) . Although there are 13 choices for setting MCER in
IDAGAN, the main use of the model by SAGA used MCFR 9 and
will be the one discussed bhere. ¢ The method (MCFR=9)
involves the use of antipotential potential with value base ;
scaling. ([Ref. 16: p.30) ' -

The antipotential potential value of a ground weapcn is
the carpakility of that weapon to destroy the value (poten-
tial) or killing carpability of another ground weapon. The S
attritior calculations irvolve determiniag both losses of i
personnel and weapons. Both "poteantial" and "actual" lcsses
are considered. Tte actual number of weapons 1lost is o
propcrticnal to the pctential number of wveapons lost. The 7fﬁ
proportionality constant is based on casualties suffered by s
the fcrce or upon value lost by the force.

The scheme for computing attrition is carried out as
irdicated in Table 1X. ? The potential number of weapons
lost by type is a function of: total number of weapons of
that type, allocaticn of fire of all enemy wveapons at the
weapon type, and the rate at wvhich each of the enemy weapons

. PR TS SR O
R EA R RN
k P o
A R
YA
- P PSP W YY)

-
R RN

Lo
i acden

éF¥or a complete ccverage of the 13 methods, see refer-
ence 16.

X
]
7the schem¢ shown _is for value based scaling, that of €¢&
1
k|

using a relative ‘'value' of ona weapon _versu ancther. e
g%%:g sg:gcds are available, but value based is the one mcst s
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: THE GROUND COMBAT MCDEL =
: Sz
|

RORATE CASUAL~ COMPUTE LOSSES PRORATE WERPON
TIES TO CBT, CBT CF WEAPONS AND LOSSES BY TYPE
& CBT S\C PERSCNNEL TO DIVISICNS R

;. K
. lpy force balance, the mdel is determining whether a proper mix of

! weapons exists, i.e., is it a balanced cambired arms organization? .
v' 2 N . K

Sector attacker is detemmined by comparing the force ratio in the sector (S
to input values for determining attacker/defender. If no cne can attack, SR
a holding posture exists and attrition calculations are then camputed e
based on neither side attacking. T d

E 3F!-:ahsmothinqhn‘remnnsrhatbothattadm:andd.tmdnrmstui:hdra Co-
] if their flanks are excessive with respect to sector frontace. —

, Pigure 5.1 THE GROUND CONBAT MODEL. |
: -1
- 48 %
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kills a weapon of that type in a day. Also included are
aircraft and air wmurition loads and their respsctive rates
cf kill. This is basically a modified Lanchester-type
Square Lav equation. (Ref. 16: p.32]

TABLE IX
ATTRITON SCHEBE POR VALUE BASED SCALING METHOD
1) Ccapute Potential Nuamber of
Weapons Lost by Type

2) chgute Casvalties Fer Weapon
Le By TYEe Weapcn

3) Compute Value Lost By the Force

4) Compute Actual Weapons Lost By Type

5) Ccmpute Total Casualties Which Will
Be Equal to the Sum Over All Heagon
Types cf _tke Product ¢f Number o
Weapons Lost and the Number of

Casualties Associated With the
Lcss of That Weapon Type

The fractional allocaticn of fire is a sensitive input
to IlAGAX. Given a "standard" force composed of varicus
weapcn types, the allocation of fire is the percentage of
time a particular weapon type #ill engage each of the
varicus weapon types of the opposing force. The allocation
may be from a judgamental Delphi technique or it could be the
result of examining the cutputs from high resolution models
to see hov fires were allocated. Unfortunately, current
models for this purpose are of 1limited use because the
comnand and control functions and movement and f£firing are
not mcdelled. (Ref. 16] A rigorous mathematical treataent
cf the fire allocaticn scheme used in IDAGAM can be found in
reference 17.

The matbematics for this scheme is well documented, but
cne is s£till faced with the controversial problem of a
historical database with guestionable alterations from
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judgmental sources.

Regardless of the sources, one can be
sure that saall-armss again play the "hidden" role of
controlling movenment.
Pigure 5.2 depicts the attrition computation scheme for
IDAGAN when the MCPR=9, the =ost widely used antipctential

potential method. ([Bef. 16: p.53]

ILepeat
EHS
fozf
red

‘__agg; yte force degradation_factcer

d on shortage of supplies

Compute blue ground value based on
numter of klue weapons in sector

Calculate tlue ground value based c¢n
perscnnel strendgth in sector

Compute blue ground affectiveness
baseéd on weapons, personnel and supply

igl ute blue CAS effectiveness

he sector
CO§ ute force
ratics

o

Cinute g rcent valus lost

red  and ue

Scale otegtia% veagons lost by value lost
caling facto

based to get actual weapons lost
!ulti§%1 actual number of weapons lost by respective
casua es/veafpon lost to get actual casualties

Pigure 5.2 CONPUTATIION OF WEAPON AND PERSONNEL ATTRITION.

50




The ,follcwing sacticrs elaborate on the steps found in
Figure 5.2. '

A. DEGRADATION FACTOR DUE TO SHORTAGE OF SUPPLIES

The numter of days of supply on hand is equal <tc the
number of tons of supplies in tha sector, divided by the
numaber. cf people in the sector times the planned daily
consusption rate for the force plus a summaticn over all
waapon types of the number <¢f weapons times the planned
daily surply consuaption rate for the weapon. The suprly
effectiveness functicn is Dbasically a lipnear function
ranging from 0 effectivenss for no supplies oa hand , +to an
effectiveness of 1.0 for 3 or more days of supplies on hand.
[Ref. 16: p.61]

B. GBROUND VALUE CONEUTATION IN VALUE BASED SCALING

The derived value of a weapon is proportional tc the
total rate at which the weapon 1is destroying the value of

Value of type eapons of § weapon
typa J

:Rais at
h i lue of
blue napgns A ? Eih.l s %‘ad ;argd gy

Figure 5.3 VALUE OF A WEAPON.

enemy veapons. (see¢ figure 5.3). The kill rate of an i
shooter firing at a J target is proportional to the fire
allocaticn of that firer at <that target times the input
value of the i shooter firing at the j target 4in a partic-
ular fposture. These rates are derived from historical
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investigaticns of past battles, based on ammo experdi-ure
and numker of kills with Jjudgmental factors fcr how onae
percieves future comkat to be differant from the past. The
proportionality is 146 wharaﬂ is the eigenvalue of the
satrixz of kill rates for each side summed over all weapon
types. The total value of the force is the summation of all
the weapons in the fcrce of each of the weapon type's value
times the ccresponding number of weapons of that type in the
force. (Ref. 16] ¢ )

C. GROUND VALUE BASEC ON PERSONNEL STRENGTH

The effectiveness of a force due to personnel strength
is a functicn of the fracticn cf authorized strength present
in the fcrce. ( FIG 5.4)

TOTAL ACTUAL NUMBER OF PEOPLE
IN ALL DIVISIONS IN SECTOR

TOTAL AUTHORIZED éTOE) STRENGT
OF ALL DIVISION IN SECT

EFFECTIVENESS = f

Figure S.% EPFECTIVENESS DUR TO PERSONNEL.

If E* is the effectiveness described above and V* is the
total value of the fcrce, cosputed as in section B above,
then the value based cn personnel strength of a type-d divi-
sion on defense (attack) in a particular posture is defined
as their product. ([BRef. 16]

(Vvalue Based On Personnel Strength) = ExvV,

s$see referen 7 fo r kK at
sathematics o g‘ eggonea ae pgoglgg.e complete lock at the
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D. DETEENINATION OF TOTAL GRCUND VALUE

The ground value c¢f a division is defined as the minimum

i cf the total value cf <the force or of the value Lased on —
4 personnel strength, (see figure 5.5).

' value based
gin V¥, ¢cn personnel

AASSDS i
LS
{

strength
.
- Figure 5.5 GROUND VALUE. -
: The rationale used here is to insure that there is a 1
k talance between perscnnel and weapons, i.e., that the avail- i
able weapons are manned by the available personnel. A man s

msust have a weapon tc fight with as a weapon must have a man
or men *tc fire it.

The tctal ground value is then computed as in figure ;;;
5.6. The total grcund value is a sumation over all divi- "
egions of the value of the division times the number of that '
type of division and an appropriate supply shortage factor.

TOIAL GRCUND VALUE OF THE NUMBER\ /SUPPLY

VALUE ON DEFENSE = E A TYPE-d OF TYPE-d SHORTAGE

élIIACKl IN A DIVISIONS | {DIVISIONS DEGRA-

ARTICULAR POSTUR d \IN SECTOR/ \IN SECTOR D%E%gg '

Pigure 5.6 TOTAL GROUND VALUE.

The interpretation of the total ground value in the sector
is the pctential value that it can destroy (MCFR=9). I+ is s
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a functicn of number of weapons, number of personnel and
supplies on hand as well as red side parameters. [ Ref. 16:

p-71)]

BE. CCHPUTATIONS OF TCTAL AIR VALUE (CAS) IN SECTOR

The ccmputations fer total air value parallel those for
total grcund value. Air munition types are used in place of
ground weapcn types, fractiomal allocation of muniticns at a
gpecific target type, and the input value of an air munition
against a specific target <type are similar to the ground
value use.' 9

P. CONPUTATION OF FOBRCE BATIO AND FRACTIONAL VALUE LOST

The force ratio if no CAS sorties are flown is computed
as in figure 5.7 (MCFR=0).

TCTAL RED GROUND VALUE IN SECTOR
TOTAL BLUE GROUND VALUE IN SECTOR

FORCE RATIC =

e

Pigure 5.7 FORCE RATIO.

The fractional value 1lost daily is a <function of force
ratio and engagement posture. Figures 5.8 and 5.9 illus-
trate examples for lcsses to the attacker and defendex.
These casualty rate curves are derived from those used in
the ATLAS model (see FIG 3.4). These functions have been
tefined, over time, based on judgement, to reflect a higher
intensity of combat with modern weapons systems. There is

vS¢e ref 16; .12 for a detailed dis ion of coamputa-
tion of Total Air Falde. o~ ° 3 cussion mputa
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1.0 2..0 3.0 4.0 S.0 6.0

FORCE RATIO (ATTACKER/DEFENDER)

Total Red Ground Value in Sector
ue vValue
+ Total Blue CAS Value in Sector

Pigure 5.8 CASUALTY FUNCTION RED ON ATTACK.

still ccnsiderable ccntroversy regarding the historical base
of WWII, vwith changes froa the Middle EBast War, representing
future ccnflicts. The question of how to change the casu-
alty rate curves to represent a more intense combat environ-
sent £till appears ¢to warrant attention. (Ref. 16:
PpP.73-78]
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- T.6 2.0 3.0 4.0 5.0 6.0 -
- FORCE RATIO (ATTACKER/DEFEMNDER) K
Red Tctal Ground Value in Sector "
F FR = > Red Total CAS Value in Sector -
' ue ue in o
Figure 5.9 CASUALTY PUNCTION BLUR ON DEPBNESE.
6. SCALING, CONPUTATION OF CASUALTIES AND WEAPON LOSSES
When MCFR=9, the fractional value lost is muitiplied by .
the total ground value and divided by the the potential T
value lost to form the scaling ratio. The scaling ratio is
then multiplied by +the potential number of weapons lost of KR
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each type to the actual number of weapons lost of each type
in a sector:

FRACTIONAL VALUE\/TOTAL BLUE (POTENTIAL)
F;ETUAL NUMBER| | LOST TO BLUE IN || GROUND VALUE ||NUMBER CF -
CF BLUE TYPE ﬂa SECTCE IN SECTOR //BLUE TYPE 0
WEAPONS 1OST (POTENTIAL) (VALUE OF THE )  \i WEAPONS > T
. IN SECTOR NUBEER OF| |ELUE TYPE i LOST 1IN
E. L - BLUE TYPE| [WEAPONS \(SECTCR |
- i azazous> CCNSIDERING 5
- < LOST IN <BLUE IS oM | o
SECTOR DEFENSE o
) IN A PARTIC- S
$ - _J |uzag posrure L
: In the value based scaling method, the total number of -
casualties is computed after the actual number of weapcns -f{;
lost is computed. The total number of casuvalties in a e
sector is taken to be the product of the actual number of

veapons lost of each type and the corresponding rnumber of
cagsualties associated with the 1loss of each weapon type.
(see FIG 5.10) [Ref. 16: p.82]

10TAL NUMBER :E: ACTUAL NUMBER. NUMBER OF

OF CASUALTIES\ = OP BLUE TYPE i CASUALTIES

IN SECTOR i WEAPONS LOST ASSOCIATED

TO ELUE IN SECTOR WITH THE
LOSS OF
EACH BLUE -
TIPE i 2
WEAPON Xy

Pigure 5.10 ACTUAL NUMBER OF CASUALTIES. =T
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The input for the number of ca;ualties associated with
each weapcn loss is a critical value and again controversial
vith historical data and judgesent on increased intensity of
modern ccmbat.

ILAGAN has probleas similar to those of the detailed :
sodels cf the earlier chapters in the representatcn of :;Q
small-arass effects. IDAGAM has nice mathematical rela*icms S
get up to handle the modelling of combat with all sorts of
E; submodels, but it still relies on a casualty function that - .F
is historical in nature with changes as perceived by the
- model builder. It is not the intention of <this thesis to

degrade a historical base of these models. It is important
f} that models be validated and history is ths best way of
. doing that right novw. It must be remembered, howvever, that
i small-arms played a tig role in the past historical battle
and will play a large role in the next actual battle. One
mist ke careful not tc forget them in our models or “educa-
tional Lattles."
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VI. DISCUSSION S

Chapter II and appendix A pcint out that small-arms have s
certain well defined missions and perform certain functicms ) EE}
vital to successful ccmbined arms combat. An examination of iié
chapters 1V and V reveals that the‘ iamportant functions for i; ﬂ
small-arms of security, personnel safety, terrair danial, o
breaking ur opposing forces, and preventing dismounted 1
infantry frcm clearing obstacles are not explicitly repre- -
sented in IDAGAM or cther current models. The complexities :
of 1low-level <ccabat are so great that current nmcdels
designed for theater-level combat must aggregate forces so a 4
more manageable level of ccombat is achieved. The assuap- -
tions vused to aggregate the individual weapons are the very
ones that contain the value cf small-arms.

The guantized values given to tanks or artillery in an
aggregated model are all based on assumptions that adeguate
security is provided by small arms. Movement <rates given
for attacker/defender postures in different terrain all
assume small-aras helping or hindering the nmovement. The
probakilities of kill for tank and antitank systeas all are
based on experience in which spsall-arms play a vital role in
Freventing access tc terrain and channelizing the oppcsing
force. The values given t¢ larger weapons systems are not
totally a representation of a single large weapon, but are a
representation of tbhat single large weapon supported by a L
complenment of small-aras. a

All nodels need to be validated by some means. There
has to be some standard against which to check a model to
insure that it generates results that are reasonable and as
real to life as possible. In the case of combat models, the
validation takes place through historical analysis of past
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battles, with judgemental factors for how one perceives past
.varfare to be different from the present or future.
The rasis for determining such things in the models as

relative values of weapons systeas, nmovement rates and .o
cverall attrition factors, is based on historical intezrpre- jﬁf
tations. All of these historical and judgmental interpreta- <]

tions have and had small arms present. There is no data
base, histcrical or ctherwise, on which to base a 'battle!
vith no saall arms. This of course would be ludicrous FLut
is essentially the gqguestion o¢ne is asking when rying to
) define the value of small-arms in a combined-arms scenar:io.
- CCL. Tevor N. Dupuy is known for his historical studies
that define attrition rates such as those used in the ATIAS
model and further refined for IDAGAM. COL. Dupuy has devel-
oped tables of Combat Multipliers for various parametars of
5 battle such as weather, terrain, surprise, and others for
E use in his Quantified Judgemeant Model. A table on defense
X terrain multipliers defines values ranging from 1.05 for
. flat-Lkare, hard ground to 1.55 for rugged-semiwooded ground.
(Ref. 18]

A logical extensicn to COL. Dupuy's work, tying in with
cbservations froam the National Training Center, would be to
define the value of small aras as aultipliers from the
standgcint of making <terrain more impassible thrcugh the
protectior cf olstacles and channelizing of infantry. Por
exangle, if a piece of terrain had a value of 1.3 for a
bhasty defense, it might be 1.4 for a defense that placed out
good obsacles and possibly 1.5 or 1.6 if those obstacles
were f[rotected from both reconnaisance and clearing by
snall-arss fire. This conceprt appears to warrant future
attention.
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o
[ The total contritution ¢f small-arms to modern combat is ]
- not  currently represented explicitly in  existing ' ;f
& aggregated-force models. The various effects of small-arms _;4

discussed in this thesis simply are not considered. At test, -,1
they are implicit 3in the casualty-assesmant routines of '
aggregated force models. In othar words the historical
develorment of attrition rates and movement rates of current L;J
models all have unstated but assumed small-arms support. o

Synergism, the actions or threat of one weapons system B
Cr systens causing ancther weapons system to achieve a kill,

is what makes the ccmbined arms team a force with a value Lo
greater than the sum cf its parts. Unfortunately, empiracal N
data to give definition to synergism at the heart of the fjﬂ
tattle is difficult tc obtain. ]

Spall-arms are every bit as vital to a successful battle
today as they were in the Civil War. New weapons sytems and
tactics have forced scme evolution on the use of small-aras
and the small-aras themselves are evolving to meet the chal-
lange of 2 technically advanced adversary. With the threat
and friendly veapons systems advancing at a rapid rate, it
would be a disastrously easy aistake to let small-arms
advancement and emplcyment fall behind.
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BATIONAL TRAINING CENTER OBSRRVATIONS

DEPARTMENT OF THE ARMY
U.S. ARMY COMMANG AND GENERAL STAFF COLLEGE
FORT LEAVENWORTH, KANSAS 60027

 neswy 10
aTrEnTION OF

ATZL-SWU-N 16 February 1984

SUBJECT: Use of Infantry at NTC

Commandant

Naval Post Graduate School
ATTN: CPT Larry Lane

Presidio of Monterey, CA 93940

1. Reference FONECON between you and LTC Crowley about MG/rifle data from
Natfonal Training Center (NTC). We do not have anailytic data on use of these
weapons systems suitable to support your project.

2. Problems with collecting such MG/rifle data are:
a. Lack of links between all dismounted soldiers and the computer.

b. Smaller numbers of OPFOR infantry than would be available in a Soviet
formation.

3. In spite of these limitations, infantry is critical to the conduct of
mobile operations in the desert. An enclosed staffed article points out
roles of infantry in the defense. In the offense, a dismounted infantry
capability is required to:

a. Clear danger areas and obstacles.

. b. Attack OPFOR positions too well defended to be assaulted by mounted
orces.

. ¢. Conduct dismounted operations under limited visibility condftioB 4..
Taxe ' -

4. Operations at the NTC continue to prove the absolute requirement to-have - 71

o~

well-trained dismounted soldiers avajlable to work as members of the combined %

arms team in any normal tactical misston. 0

1 Encl ON C.
as ColoneT, Infantry
Director, UTSD
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ENCIOSUEE FROM ABCVE LETTER

This issue of Training Notas will present tactics and
techniques that have proven to be effective for defending a
single ccmpany battle position. We will highlight and
expand on what wvorked at the NIC.

MAJOR LESSONS

Units +raining at the NTIC quickly learn four major
lesscns about conducting defensive operatioms. Speed of
CPFOR advance: OPPOR technique, like those of the Soviets,
do not emphasize terrain driving or bounding overwatch.
Instead, techniques consistently used are rapid mcvement to
an assault line, deployment, and then assault, This nmeans
the COPFCR moves ccnsiderably faster than units using
American tactics. Therefore, defending units must act, mass
fires and shoot quickly. There isn't a 1lot of <time for
decisjionasaking or maneuver; the battle can be won or lost in
the first 30 minutes from the time the OPFPOR aain attack
begins. BEffective wuse of obstacles is critical and carn
allov the coamander time to reposition forces so that the
OPPOR is defeated. ‘

Qkscuratiop of the battlefield Obscuration is the noramal
conditicn fer an attack. The OPFOR normally tries to place
smoke ¢n oOr near the Blue positions and units to hide his
soveaents. Additionally, desert dust conditions, obscura-
tion caused by impacting indirect fires, and use of on toard
saoke generators cause OPFOR trailing vehicles within foraa-
tions to be hidden frca view.

Initially, units select weapon positions, sectors of
fire and obstacle locations for full visibility conditions.
Successful units realize that defensive fpositions must be
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set up to work both in full apnd 1limited visibility with
sinisal adjustaents. They start ¢to position weapons and
obstacles to meet botbh conditions. This means wearpons are
placed closer to enemy avenues of approach, or where tbhey
can quickly move to limited visibity positions; obstacles
are sited closer to weapons, flanking fires are emphasized,
and more weapons are initially allocated to cover apgroaches
the CEFOER may use under limited visibility conditions. The
key pcint cn identifying 1limited visibility approaches is
that wher ar enemy attacks during liamited wvisibility, he
aust attack along an axis wvhich simplifies navigation,
command, and control. ' "

Linited visibility as a normal condition - protalkly
applies to any future kattlefield.

Skillful positioning of weapons: AT veapons must be
carefully sited to provide cover, mutual support, disper-
sion, flanking £'res, and to allow movement. Obviocus
terrain pyst be avojded. Every favorable fold of all other
groynd must be ysed. Use of dug-in or hide positions may be
regquired. Units toc often tend to go to high ground even
when it does not provide good weapons positions, or covered
movesent routes.

Weapcn positions should always be chacked from the
eneny’s side prior to the battle to ensure proper cover,
concealaent and siting. If the situation permits, a vehicle
traversing likely eneamy avenues of approach can assist in
detersining exposure. This is especially important for TOWs
and Dragcms. Prom this check, weapons are repositioned as
necessary.

CEEQE use of reccp: OPFOR attacks typically begia with
a nighttime reccnnaissance effort to £find obstacles and
battle rositions, and to gather information on the Blue
forces. During this rhase, obstacles are either breached or

64

LA |

-—

-




ktypass toutes found and marked. Units quickly 1learn that
this reccannaissance effort amust be stopped and that olsta-
cles must ke guarded to prevent neutralizatior. They should S
be checked at first light to ensure breaches haven't bsen by
sade. local security, movement of direct fire weapons to e
cover okstacles at night, and readiness of a reaction force

to destroy enemy recon slemnts that penetrate the sccut :ﬁﬁ

g screen are key to defeating an aneay attack. Be ready. i~¥
& USE OF MECHANIZED INFANTRY
Z? Scme of the most important lessons that come cut of NTC i}"}
_ operations are on the effective use of infantry. Here are :jq
, some: : S
if Infantry battle fcsitioss: Mech platoons do not defend ;ﬂﬁ
' battle pcsitions using the mountad technique nor do they iff
fire the Dragon from the APC. Units have found that both of :fﬁ

these tactics found in FPMs 7-7, 71-1 and 71-2 are ineffec- ?7;

tive; they cause APCs to be destroysd. #hen firing the ffj

Dragcn cxr fperforaing some other task that requires quick AE?

sovement, infantry leaders stop the APC in full defilade, :::

dismount the part c¢f the squad needed and turn the APC ﬁﬁg

around fcr quick exit. This technigque allows gquicker move- ﬁﬁﬁ

ment, is harder for the OPFOR to detect, and results in less S

exposure of the APC. ;;:

When defending a battle position, experience has I

confirsed the need +to gquickly and completely dig in. {fﬁ

Fighting pcsitions =must bhave overhead cover. Placing R

dismounted infantry in naturally restrictive terrain such as ]

vadis or steep hills makes this process quicker and easier. Ej{

Use cf carriers: Bradleys haven't been used at the NTC T

yet. Hith the M113, units seldom position carrier teaas T

vith the dismounted ¢lements as they found that the APCs are _
difficult tc hide and give away the dismounted platocn posi- Qﬁn
tions. BRather, APCs are normally kept in hide positions and R
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Iragons are placed vith ths disaounted elenents.
Unfortunately, carrier teams are not used in a sugporz by
fire rol¢. However this must be considered a MILES training
froblen. The M~2, S50 caliber machinegun can penetrate BMPs
at clos¢ range and provide excellent suppressive effects
against light skinned vehicles and personnel. The full use
of carriers is not orly valid but vital to geot maximum firass
cn the enxemy. :

Mechapized Infantry platocn missions: Even in the rela-
tively cpen Armor tyre desert terrain, infantry has proven
tc be a full fledged pactner 4in the combined arms team.
Good uses of infantry include:

-Froviding security. OPs, ambushes, and patrols are
positioned to detect and defeat OPFOR recon elements and to
give early varning of OPFOR mounted or dismcunted attacks.

-Euildirg and [frotecting obstaclses. Contruction of
cbstacles tc slow down the OPFOR has proven to be a critical
functicn. One engineer platoon per battalion is not enough
in the normal time available. Infantry can and must help.
Infantry must also be used to guard obstacles and is
normally used to clcse lanes or gaps in obstacles. They
sust be fully prepared. When gaps/lanes must be closed,
there isn't amuch tinme. The infantry eleament given this
nission must be provided with demolitions (such as shape
charges) or mines to close the gap or lane, unless the
company or battalion plans to use FA-delivered scatterable
sines. They must have a primary and at least one alternate
seans c¢f ccmmunications with the company team to make sure
the obstacle is clcsed quickly once the order is given.
This element may stay behind to protect the ocbstacle froa
enemy reconsbreaching efforts after the lanes/gap is closed.

-Blocking enemy dismounted and mounted approaches. If
AT fires can stop the CPFOR advance, the OPFOR will conduct
a dismounted attack to destroy these weapons--normally
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moving through wadis or other rugged terrain. When R
availble, artillery or mortar FPPs should be plann&éd on
dismounted approaches and infantry positioned to block them.
Dismcunted infaptry can also block mounted attacks. Tkey (I
can do this by being positioned in tank restricted tercaia -
and placing Dragon and LAW fire on a high speed approach
fro{ the flank, or by blocking an snemy aovemert across
trafficatle terrain from well dug in positions protected by '
obstacles.. '

CTHEE LESSONS LEARNED BY USING INFANTRY.
F Place in restpicted terraip Dismounted infantry must be
- Flaced in favorable positionms. They ~ should be on ground
vhere they cannot be cverrun by a mounted assault. Wadis,
steep hills, protective minefields, or antitank ditches
provide gcod protection.

Ion't expose to lcng rapge fires and obgervations: As a
general rule, a dismounted positon should not expose the

infartrysan at a range where he cannot effectively engage
the eneay. While saximum range of the Dragon is 1000
geters, it should be positioned to fire at tha flanks of ;';
armored vehicles, and so actual engagement ranges are less. '
The platcon should nct be able to shoot (or be shot at) from
more than this expected engagement range. Observation of
greater ranges should be made by OPs located away from the
tattle pcsition. Reverse slope positioning is often used,
unless well covered rositions, such as wadis, are availaltle
on the fcvard slopes.

Pzerare for disepgagement: When dismounted infantry is
engaged, it is decisively engaged. The short range of
infantry veapons means that wher they shoot at any major
OPFOR mcunted attack, they cannot disengage unless the OPFOR
has Leén stopped by massed fires and/or obstacles and
covered routes of withdrawal are available; or unless the
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attacking CEFOR has been destroyed or pushed back. If the
task force commander's plan is to disengage the infant:ry,
the decision aust be made early. If the foward positicn is
not intended to be leld, it bas proven to be effective to
gend disecunted elements back to occupy and prepare subse-
guent positions while carrier teams with Dragons are used on
the initial position.

Cover dismounted jinfapntry uith AT fire: = The nmost
dramatic examples of effective use of dismounted infantry
have reen in cases where the dug in infantry elements were
attacking the OPFOR flanks and rear with close in fire while
he was leing engaged by TOWs and tanks in overvatch posi-
tions. This caused the OFFOE to fight in two directions.
When this happened, the OPFOR was completeliy defeated and
the dismcunted infantry was extracted by the carrier teams
after the battle.

USE CP ICWS/TANKS

Lefensive "battles" at the NTC are won or lost by effec-
tive use of AT firegpower. Maximum use of the mobility of
these systems is critical. These weapons must be maneuvered
to place effective fires on the enemy and to avoid enemy
suppression. Here are¢ some of the techniques used.

Disperse AT weapcns: Initially, units tend to bunch up
cn dcsinant terrain. This makes command and contrcl easier
but sakes ycu more vulnerable to preparatory fires; espe-
cially if tke positicn occupied is obvious or if it has been
located by OPFOR recon. It also makes it easier for
attacking OPFOR tanks and ATGMs to spot and engage deferding
vehicles.

Use alternate positons: Alternate positions are neces-
sary t¢ allow TOWs or tanks to continue engagement if the

eneny Finpoints the initial position. The need for
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alternate rositions increases as engagement ranges decrease.
In view of the normally rapid OPPOR advance, alternate posi-
tions must ke close enough for quick movement, but out of ¢
the enemy vweapon sigkt picture (50-75 maters). If there has
not keen time to locate or prepare alternate postiors, as a
last resort, the vehicle should at least pull out of the
position after firing three cr four rounds and then recccupy .
it. 1This breaks up the enemy's sight pic:ure. 2

Use suprlementary positions: Supplementary rcsitions
are cnes which allow weapon fire into a different area. To
mass fires cn the enemy, each company will normally ke given " o
one or mcre on order sectors of fire, eagagesment areas, or ‘ﬁ 
JTarget Reference Points (TRPs). Likewise the team ccmmande:r L]
normally assigns on crder sectcrs of fire to his platcons. ;Lj
As in chcosing alternate positions, rapid movemen* Letween =
primary and supplementary pcsitions must be possiblae.

Prepare reccn apd rebearse goutas betwsen positions:
Experience has shown that most losses take place during
movement, s=o routes out of and between positions must have
cover and ccncealment. If ccvered routes aren't available
then use of smoke can provide some protection. Because the
CPFOB puts suppressive fires on positions, vehicles normally
sust defend and move buttoned up and in MOPP 4. Crevws must
actually rehearse nmcvements the same way. Here also the
unit shculd conduct rehearsals while someone is watching
from the enemy's side to see if velhicles ara exposed. If
they are, pcsitons or routes should be changed. o

0se ¢f flank and rear shots: Planks or rear engageaments fﬁ%
have prcven far better than frontal ones. The OPFOR 5ﬁf
doctrine of a rapid advance pakes it vulnerable +to flank -f;
shots. A moving tank crew is generally oriented in its :
direction of movement. It can detect and engage a weapen to
its front far easier than one to its flank or rear. Also
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its heaviest protection is on the frortal area. Urits tiat
have placed AT positions to engage the flank or rear of
eneny formations have had some spectacular successes. There
have been cases of a single tank destroying a whole OPFOR
coapany! ,

Dgcide on disengagements early: In favorable terrain,

CPFOR formations advance rapidly. Normal rate of movement
is 300-400 meters per minute. If the team commander decides
to move his unit, he nmust make that decison early encugh

+o request peraission from the battalion commander, get the
word down through his chain of coamand, and get overwatch
elements into positicr and indirect fires oz +the ground to
cover the mcve. Rehearsal of moves are needed to find the
actual times it will take to make the aove. It helgs to
€stablish a measured "trigger line" on the ground or sven+t
(e.g., "When Team B gets tc BP 34") to use a key to begin
disengagement actions.

EFize g¢control: Units are not initially using TRPs,
engagenent areas, near balf/far half and other fire centrol
techniques. This appears to be due to a limited use of
MILES and/or linmited experience at trying to defeat a large,
rapidly advancing OFFOR during pre-NTC training. At Ft
Irvin, vunits £find <that fire control is essential. Fires
sust be sassed into the area where the enemy is advancing.
At the same¢ time these fires nwmust be distributed across the
eneay forsation to avoid multiple firings at the sanme
target. Units have found they amust déteruine actual
distances tc the TRPs. This can be done by placing or using
some object to serve as a range marker and by using a tank's
cr FISI's range finder. Knoving actual distance helps fire
contzrcl and precludes firing at OPFOR vehicles out of range.
Unites also have found that marking Target Reference Points
(TRPs) Lty chemical 1lights, with shielding to prevent them
fros reing seen froa the eneay's side, helps at night.
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The use of the fire c¢cntrol techniques and the fire -‘a@
centrcl patrix found in PM 71-1, pages 4-36 to 4-39, coupled d
with proper weapons positioning and designatiorn c¢f sectors

cf fire all are workable and necessary. Unfortunately, most b
units are untrained in these tachniques. Althougk fire ,5ii
contrcl and skill at weapons positioning are difficult tasks f:t
to master, units se¢ldom fully develop this proficiency a: ;i:
. the NIC. Good shooting, frequent boresighting of the MILES !
fj transmitter and contrcl of fires is essential. .;f
hz Perfcrm early reccpnaissange: Occupation ard full prep- o
_ araticn of a battle position, with careful siting of s
\ veapcns, siting protective obstacles, establishing hot loops T
and all the other tasks that go into the development - of a -
battle ©position, require many manhours. The cowmpany :
commander, platooa leaders and PIST chief must —reccn the 5
battle pcstion and to select the position of weapons and .
obstaclaes. Selecticn of positions is easier if a tank and e
10§ vehicle are brought along. This can be done while the j’f;

X0 and NCO chain of ccmmand finish preparation and movement.
When the ccmpany team main body arrives, it can be kept in a
hide positicn to refuel, camouflage and have maintenance
performeéd while leaders check pocsitions. This technique can
Frevent unnecessary vehicle movement on the position.
Estaklish apd epfcrce work priorities: Untrained units e
vaste toc much time getting started. The suggested work RS
priorities found in FN 71-1, page 4-40, are good although

they sgometimes require modification. The important thing is R
that units have a practiced SOP for accoaplishing all the S
tasks needed to defend a battle position. Selecting weapons Eﬁﬁ
positions, establishing sectors, laying hot loops, emplacing jf?
hasty prctective aminefields, preparing range cards, and ;:j
canouflaging should ke done automatically in a battle drill jgf
fashicn. E%%
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Check pcsitions at night: At night send a leader fcward
with a rassive sight to chack 1light dicipline from <che

enemy's side.

courpterattack prerazaticap: Rapid movement of tanks to
engage an eneay forsation from the flank works. To do it
you myst plan and prepars. Select the positions that wmight
e used and routes tc then. Have the platoons rehearse.
Secure the route and positions with OPs so that the counter-
attacking force can move rapidly into positior without the
fear of running into an eneamy force.

SUMMARY -

This article has identified some of the techniques which Vi:
leaders fcund effective in defending against the OPFOR at -fﬁﬁ
the NTC. <The OPFOR is a demanding foe. He makes you pay ;;f

for mistakes, 9Jjust as a real eneamy would in combat on any
future Lattlefield.

WPC1242B,JAN8H ;jg<

i
1
1

=

72

.....................
................................................

. N . D e et P A .
P Xnd ool a a® 2. ne o W M_LA_L‘LA";_LJ




C v TR WA T T i i E e e—T— T c v—vew — w -

LIST OF REPERENCES Vo

. , 1. Us General Accounting Officse, "Re ort o the fL};

§3§§3' n E8E%4fe 0088 iﬁ%lxiié Paﬁziv'ggg Rardhs

- 2. Taylor, James G., Pgogge%g Qnge Atir ;&E
. ’

Operatzons Research uary, .

. 3. Ivanov, D.A., and others, g_ggglggggg Fu 'agengg;% of K
t om ‘poTeign Broadcast Information -]
i BEE98Gonffee, it Goppar FoTele =t .
P
b 4. Chuyev YO. Research of Militar Oreratiopns
., Nations 7%echn1cai T8Tethation ssrvice,  JPRS Syses,
' [

S. Callahan, L.G. Jr., ass;sted by Taylor Dr. g

«G. A
G*ub s F.E. sho RS
jiptag fg §§ 96‘§afed9%y .
§ Ee’ﬁn o __Georgia ]
Institut of Technology, Atlanta, Georgla, 983. T

=4
e,
-

6. Miller, H.S._ and Baker, M.R., gggg d apd Control '*J
gvgi%a§§ Y Egagga wyolume II, 'A Coumand and Coniro . .4
&ology COncepﬁ Mitre Corporaticn .

HTR-E1UOO199 asor: Combined Cemka .

Levelopaent Ac{ivity? Contract No.: F19628-81-c00001, :
August, 1981, {

7. Lavson, Dr. oel JCey "Naval Tactical C3 '
Agsgitochturo 1985-1995, Signal Magazine. August, ;771

8. er, Dr. PF.B., "Session I," _gea e-Level Gan ng & jﬁi:
k i -O- un 6 - :.'1

) gixféigiggg, i%%gco ° Inavaigiasea 2‘%879. R Y

-~y

9. « 6- Headquarters Department cf the e
§%§§% g%%%i%gggn piged 1 d S

10. Suvorov“ Victor, "spetsnaz the Sovist Union's special :ﬁii
forces," Ipterpation pefense Review, Septesber, 1963, R

1. Taylor, James G. Qﬁh els {Micro Coabat
lngl 13 geia ons sea:%ﬂ epartnent. Naval
Post udte S hool, October, 1983,

' 12. aylor, Janes *A Tutorial Delivered at the
rh :tx-rifth !ilitarx Operations Research Synpos%un.
U.S. Naval Academy, Annapolis, Maryland, July, 19

Sl

. P
S,

Y . " ..'l"'."l
ISP PV P o)

73

..................
..............................
......................

..............
~ = .




13.

1.

15.

16.

17.

18,

Ta ler James G the Datermiratic
24eg20 vl sl L e <t

3
- ‘- % -
% T £8T 0. ATRY
i‘§§%§3§ %;%2 §15g§§§ ndgrep%t. Monroe, vi??

August, 1982.

Taylor, James G., ;ggucgégg lanchester-Type
figceteost. fpEAAER: sﬁ‘*géi“ﬁ“onte:ay‘ie&ﬁ%% LSt

Bode,sedghn ea., Indécesaofdgf%actl nESS diﬁ %gne§ 1
o or %&i-§ Tadoc Dﬁﬁn an cDona
2;2' 7!97 '0ctober, 1974, !

ghupacg, 1 Sgeppen fLegés'AttA£+ BExanination 9f the

cLcertual Basis o e 1tiold” ProceSses i1 the

€ -gﬁf fo DETansSe’. Afa S cund~A1 MoGSI

ﬁ SINTC HeVal Dose §ﬁdu’§:za 22638801 , “~mactsrtopadisT

¢ darch, 1579.

Ka:r Alan F. Stochasiic  Attritior Models of
ﬁg_gﬁ Type.’ Papes-BoY FeRidier fodpiz of
alySes  ProgZan Ana ysis DlVlSlon, June, 1974,

i 1 Trevor Ne, "Let's Get Serious About
tipliers," Arpy, vol. 33, no. 5, May, 1983.

74

PR
! R
Eaatatatan

PSP L N U U P

Ly
o 'A“.'vl
s eialia 4 ak



S
INITIAL DISTRIBUTION LIST 444

No. Copies 2ﬁj

1. g:i:ggg T:gh gal Information Center 2 “d

llexandri vgrginia 22314 —_——

- 2. Lihrgr; COde 014z ' 2
3 Nava cst uate School

. Mcnterey, a fornia 93943

00
: 39
E 3. DRrofessor H.G. Soversign
00

¢ Code 74 1
Chazrnan. C3 Acadenric oug

Naval Pcstgraduate School

Monterey, California 93943 .

4. Professor James G. gzlor Code 55Tw 2
Department of Operations_Research
Naval Pcstgraduate School
Mcnterey, California 93943

5. L1IC rLernis Brewer, Code 6435 1
Defense Eesources’ uanagement Education Center "
Naval Postgraﬁuate Sch og%
Mcnterey, California 93943

6. Ccpmand Armament Resgarch 1 .
nd Development Center ]

iﬁé gasu -SCJ (D) .
Bover, gew Jersey 07801 - 1

ATZL-SWU-N 1 ]
LIC Croule L
o Arni Command and General
lege o
leavenvorth, Kansas 66027 .3
:gguirters National Training Center 1
tn: CPT Rogei Hirlins o
9. LtCol J.T. H:éokas, Code 39 1 o

T

~J
.
[z
-
o+
o6
7Y 2
t
(o]
H
[~]
3
(7]
(=]
[

mOm i Cide
eI ® crebe o

Naval Pcstgraduate School
Mcnterey, fornia 93943

10. ngt Law ence B. Lane 1
4 ig Buena Ln.
Glendale, Ar ona 85306

75

-

[
P
WS




he el

ﬁ*;t";
$ e

®

ha o &t a4




